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 It dependes on the technology... 
What is ultra-high temperature? 
Stephan Lang 
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First hit of 
What is ultra-high temperature? 
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> 2 500 °C 
Maximum temperature for „high-temperature“ Thermal 
Energy Stores so far ≈ 1 000 °C 
 
Ultra-high temperature Thermal Energy Store: 
> 1 200 °C 
 
Maximum temperature for the planned Thermal Energy Store: 









State of the art 
Pressurized  
Hydrogen (700 bar) 
State of the art TES 









latent heat storage 
87% 
Sensible Heat  
(comercial molten salts) 
Sensible Heat  
(other liquids) 
Sensible Heat (solids) 
Latent heat (salts) 
Latent heat (metals) 



























Source: A. Datas (modified by the speaker) 
Why ultra-high temperature? 
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IGTE Energy Conversion 
Stephan Lang 
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Ultra-High Temperature (UHT) 
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Source: A. Datas, A. Martí, Thermophotovoltaic energy in space applications: Review and future potential, Solar 
Energy Materials and Solar Cells, Volume 161, March 2017, Pages 285-296  
 
 
IGTE AMADEUS Concept 
Stephan Lang 
















Energy Storage Energy Conversion 
PCM 
> 1 200 °C 
> 1 000 kWhth/m3 
(> 10 times than salts) 
(> 2 times than best Li-Ion cells) 
> 50 kWe/m2 
(> 200 times than solar PV) 
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Source: A. Datas (modified by the speaker) 
 
 
IGTE What is it good for? 
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Thermal Energy Stores 
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Thermal Energy Stores 









Thermal Energy Store 
Electricity 
Solar Power Tower Process, the  AMADEUS way: 
 
 
IGTE What is it good for? 
Stephan Lang 
10 
13th Global Insulation Conference & Exhibition • Vienna • 26.09.2018 
Storage + co-generation 
Example:  
Total unit volume: 8 m3 
Capacity ~ 4 MWh (12 h) 
Electric power ~ 80 kW 
Thermal power ~ 250 kWth 
Domestic use of surplus renewable electricity production: 
Source: A. Datas (modified by the speaker) 







Decreasing energy losses 
 Increasing storage time 
 hours, or maybe days...? 
Motivation for a high insulation performance 
Stephan Lang 
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Decreasing total volume of device 
Heat losses ~ surface of heat transfer 



















Insulation thickness [m] 














 Temperature stability (permanent) 
Costs 
 Thermal conductivity 
 
Screening for insulation materials 
Stephan Lang 
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IGTE Graphite insulation materials (≤ 2 000 °C) 
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Rigid fiber boards 
Flexible fiber mats 










IGTE Zirconia fiber boards (≤ 2 000 °C) 
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IGTE Alumina fiber materials  (≤ 1 800 °C) 
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IGTE Microporous materials (≤ 1 000 °C) 
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Fumed silica board Aerogel embedded fiber mat 
 
 































Zirconia fiber board 1 (585 €/dm³) Zirconia fiber board 2 (263 €/dm³) 
Alumina fiber board (65 €/dm³) Alumina fiber mat 1 (7 €/dm³)" 
Alumina fiber mat 2 (9 €/dm³) Fumed silica board (2.5 €/dm³) 




Simulation software: COMSOL Multiphysics 
Outside insulation layer: fumed silica board 
Preliminary thermal simulations – Model  
Stephan Lang 
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Convection and radiation 






















IGTE Preliminary thermal simulations – Results  
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Total insulation thickness [mm] 
Alumina fiber mat 1 Alumina fiber mat 2 Alumina fiber board
Graphite fiber mat Zirconia fiber board 2
Store temperature: 1 500 °C 
Atmosphere gas: argon 
 
 
IGTE Preliminary thermal simulations – Results  
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Insulation material costs [€] 
Alumina fiber mat 1 Alumina fiber mat 2 Alumina fiber board
Graphite fiber mat Zirconia fiber board 2
Store temperature: 1 500 °C 





 Temperature stability (permanent) 
Costs 
 Thermal conductivity 
 
Screening showed: comparably lower cost materials with very low thermal 
conductivity only available up to 1 000 °C 
Multi-layer solution 
Graphite fiber materials (1 000 °C – 2 000 °C; 17 €/dm³) 
Fumed silica board (up to 1 000 °C; 2.5 €/dm³) 
 
Choice of insulation materials for prototype 
Stephan Lang 
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IGTE Heat shields/ multi-foil instead of insulation materials? 
Stephan Lang 
24 
13th Global Insulation Conference & Exhibition • Vienna • 26.09.2018 
Source: Waitz, R.; Wübben, P. Journal „elektrowärme international“, Vol 3/2010 
Source: http://bronaerotech.com/wp-content/uploads/2011/04/space.jpg 
 Calculations on heat shield insulation were 
carried out 
Insulation materials turned out to be more 
cost-efficient than heat shield insulation 
 
 
IGTE Prototype insulation concept (proof of concept) 
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25 
13th Global Insulation Conference & Exhibition • Vienna • 26.09.2018 
Argon filled casing (stainless steel) 
Fumed silica board 
Graphite fiber mat 
Graphite fiber board 
Cable for heating element 
Heating element (2 000 °C) 
Silicon (ca. 0.5 dm³) 
Crucible (Graphite) 
Vacuumed hollow cylinder  
(quartz, molybdenum, tungsten) 
Energy conversion unit 
(cooled to 30 °C) 
Cooled surface (18 °C) 
 
 
IGTE Real case insulation concept, charging phase 
Stephan Lang 
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Argon filled casing (stainless steel) 
Fumed silica board 
Graphite fiber mat 
Graphite fiber board 
Cable for heating element 
Heating element (2 000 °C) 
Graphite fiber board 
Storage medium (Silicon, Boron) 
Crucible (Graphite) 
Simulation variations: 
• Size of TES 
• Total insulation thickness 
 
 
IGTE Simulation study of different TES sizes, charging phase 
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TES volume [dm³] 
Insulation thickness 0.21 m Insulation thickness 0.73 m
 
 
IGTE Simulation study of different TES sizes, charging phase 
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TES volume [dm³] 
Insulation thickness 0.21 m Insulation thickness 0.73 m
2 522 € 
8 467 € 
27 575 € 
118 349 € 
27 480 € 
69 522 € 
149 037 € 
253 584 € 
329 673 € 




AMADEUS concept brings big chances for renewable energies 
 yet in the proof-of-concept state 
 Insulation is a critical part of the concept 
 high cost reduction potential 
 lower cost ultra-high temperature insulation materials to be found or developed 
Summary & Conclusions 
Stephan Lang 
29 
13th Global Insulation Conference & Exhibition • Vienna • 26.09.2018 
 
 
IGTE Research project the presented work is part of 
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www.amadeus-project.eu  
IGTE 
Institute for Building Energetics, Thermotechnology and Energy Storage 
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